This article is about the optimal hedging of exchange rate risk for a firm. The optimal hedge of the intertemporal long-term exchange risk is derived by the method of stochastic optimal control, in the framework of a model where the exchange rate follows a Gaussian process with return to the level of parity. It is demonstrated that such a hedge is a value hedge, which stabilises the flow of dividends paid to shareholders and depends on the level of the exchange rate compared to the level of parity. The model developed in this article implies some recommendations for the policy of risk management in a firm. It appears that the corporation would have to hedge more if the level of the exchange rate is above the level of parity -so as to freeze profits -and to adopt an inverse behavior in the opposite case.
Introduction
The investor and the firm: a comparison A multinational corporation having affiliates abroad, or an importing corporation having a system of distribution well implanted in its country of origin, are not equivalent to a portfolio of financial assets. A financial portfolio is constituted of exchangeable assets. These assets can easily be re-sold and such an operation is associated with negligible transaction costs. Their hedge against exchange rate risk can be implemented with instruments existing on derivatives markets: forward contracts and standard or second-generation foreign exchange options, "tailored" and adjusted to specific needs.
A multinational corporation cannot be considered as equivalent to a portfolio of financial assets because in most cases its assets are not traded. The sale or the purchase of a factory abroad, the transfer across borders of a system of packaging or distribution, are subject to important costs. Moreover, such a sale or purchase cannot be undertaken instantaneously, as some time to find a counterpart is necessary. The decision of closing down or reopening a factory abroad is also associated with important costs. One can mention for example: costs of dismissal of the personnel, costs of stopping and maintenance of machinery and, in the case of reopening, costs linked to the search for and the hiring of new personnel, or to the reparation of machinery, to the search for suppliers, to the reconstruction of the transportation and distribution system, etc.
Consequently, a corporation implanted abroad remains for a long time the owner of its cash flows, including those in foreign currencies, which it cannot easily dispose of or acquire. Such a situation introduces an entirely different perspective, that of the period during which cash flows will effectively be received.
Long-run objectives of a corporation which receives financial cash flows in foreign currencies are, therefore, different from those of an investor in the stock market. For an investor it is the rate of return on his portfolio which is important. A corporation, whose management acts in the interest of its shareholders, will rather try to maximize the level of its stock price in the financial market. It becomes, thus, relevant for the financial officer of a multinational corporation to elaborate not a classic hedge, but a long-term hedge of the exchange rate risk. The income as well as the estimates of cash flows to be received by the corporation in the future determine its price in the stock market. A corporation whose net income depends strongly on cashflows received in foreign currency is, therefore, more sensitive to the level the exchange rate which prevails in the marketplace.
Long-term foreign exchange risk In theory, the exchange rate would have to be equal to a certain value, called the parity level of the exchange rate. In a static framework, this parity value is given by the law of one price which stipulates that the value of the exchange rate x would have to be equal, in real terms, to the ratio of consumer goods prices expressed in domestic (p) and foreign (p * ) currency:
One sometimes states the relationship of relative purchasing power parity, which corresponds to the arbitrage between available goods prices in two different countries at two consecutive dates:
x t+1 − x t x t =π t −π * t whereπ t andπ * t -designate the rate of foreign and domestic anticipated inflation, while x t andx t+1 are the current and future exchange rates, observed on the market.
In fact, the exchange rates remain, sometimes for a very long period, away from the level corresponding to the relative purchasing power parity as, for example, during the overvaluation of the American dollar in the beginning of the 80's. It is evident that for the corporation such a situation can constitute an advantage or a lasting competitive handicap.
In the long run, exchange rates rejoin the values imposed by the relationship of relative purchasing power parity. However, the speed of convergence can be small. It has been empirically demonstrated that exchange rates stay away from equilibrium levels during periods whose average duration has been estimated to be 7 to 10 years.
The exchange rate parity level is not a directly observable macroeconomic variable. At a given moment, one can only roughly estimate whether a currency is overvalued or undervalued, as compared to another. A corporation seeking to hedge itself against the risk of exchange rate changes will usually have more information at its disposal. For example, the markup achieved on sales abroad can constitute a supplementary information about the size of the distance to parity. Such signals, observed by the corporation itself, can be extremely relevant for the financial officer and help him to manage the hedge in a long-term perspective.
The attitude of a firm confronted with exchange rate risk would fall in one of two categories: neutral behavior. In particular, an exporting firm would not have to be preoccupied with the exchange rate risk.
Risk aversion:
A better representation of the corporation's activities is achieved if one assumes a certain level of risk aversion. In particular, risk aversion could justify the existence and would better explain the number and the diversity of insurance contracts which are available to hedge exchange rate risk. Indeed, each year many forward contracts or foreign exchange options 1 are offered in the marketplace and purchased by corporations.
Several authors stress the importance of the hypothesis of risk aversion.
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This hypothesis provides a more satisfactory explanation of the decisions of corporations in the international context.
Von Ungern-Sternberg and Weizsäcker [16] examine several static models of industrial organisation. They determine the extent of the hedge necessary to isolate the corporation totally from exchange rate risk. The amount of the hedge, implemented with forward contracts, is not always equal to the expected value of the cash flow which will arise from sales abroad, but can be greater or smaller (sometimes even equal to zero), depending on the market situation in the country of destination of the goods. The role and characteristics of the multinational competitive environment play an important role. The study, however, does not introduce a risk aversion parameter explicitly and does not derive an optimal hedge. The hypothesis of risk aversion is needed solely to motivate the issue of exchange rate hedging. The authors assert, nevertheless, that optimal hedge strategies would depend, among other things, on the types of hedging instruments available, the distribution of cash flows over time, the degree of risk aversion of the corporation and the temporal horizon of the firm.
Martijn [10] presents a one-period model where a risk averse exporting firm is confronted with the uncertainty of the future exchange rate. The objective of the firm is to maximize the expected utility of the future profit, so as to to deduce the quantities to produce for the domestic and foreign market. However, the demand curve in the foreign market is given and independent, by hypothesis, of the exchange rate. By this means, the profit function becomes linear in the exchange rate. Consequently, the analysis of the model becomes simplified.
The impact of an increase in exchange rate risk on the production and export levels is then examined, as a comparative statics exercise. In the absence of hedge instruments, the monopolistic risk averse exporter limits its exposure to exchange risk by reducing its export volume. The property of separation is established under the hypothesis of existence of a perfect exchange risk hedge , in the form of forward contracts. The volume of exports is then determined as if the firm was confronted with a certain exchange rate, equal to the forward exchange rate. However, this article does not derive the amount of the hedge required to obtain such a separation.
Stulz [13] examines the behavior of a risk averse manager who hedges his firm's risks with forward contracts. However, the foreign-currency cash flow is unique, certain and received only at the end of the period considered. In this model, the exchange rate is assumed to follow a geometric brownian motion. Such an approximation would no longer be justified in a model taking into account long-term effects because it has been empirically observed that exchange rates have a tendency to oscillate around a long-term parity level with a fairly low periodicity from 7 to 10 years.
The risk averse manager receives a remuneration which is proportional to the instantaneous change in the value of the corporation. Under this hypothesis, he would not be concerned with the price level of the corporation, quoted on the stock market. The model of Stulz [13] corresponds to the situation where it is the short-term risk that is hedged although it is almost certain that, after the departure of the manager, the corporation will still exist and will continue to receive cash flows in foreign currencies. The longterm risk is neglected in the concept and implementation of the hedge.
Ho [8] follows a reasoning similar to that of Stulz [13] . The hedging decision implemented by means of future contracts on commodities, as well as the production decision in an agricultural firm, are examined in a dynamic frameworkà la Merton [11] .
Adler and Detemple [2] demonstrate, among other things, the equivalence between the approach of Ho [8] and that of Stulz [13] . Characteristics of the optimal hedge of a non traded asset chosen by an investor having a logarithmic utility function are examined. By opposition to classic results obtained with exchangeable assets, 3 the value function of the optimization problem is no longer additively separable in wealth and state variables, because the correlation between the price of the futures contract and that of the underlying merchandise is not perfect. Consequently, the behavior of the logarithmic investor is not myopic and it is demonstrated that his optimal hedging strategy would have to include the Merton/Breeden dynamic terms. 4 However, no closed form solution of such a hedge is presented and the analysis is limited to the mere examination of the first-order conditions of the optimization program.
The present paper is motivated by the quasi inexistence of works that would approach the problem of hedging in the case where the income is proportional to the level of the risked variable and not to its instantaneous increase.
This article is organized as follows. First of all, in the second section, we present our model of choice of the optimal intertemporal hedging of exchange risk. In the third section, the exact solution is obtained by the method of state-space transformation. Implications of the results for the risk management in a corporation are stated in the fourth section. Finally, the fifth and last section contains a conclusion and suggestions for future research.
The model
Let us consider the case of an exporting corporation. Assets of this firm are constituted of fixed and liquid assets. Fixed assets (factory and its affiliates, distribution system in the domestic country and abroad) are the source of the financial cash flow obtained by the corporation in exchange for the real goods flow or services sold abroad. By assumption, fixed assets are non exchangeable (non traded assets).
Gains of the corporation come from its commercial activity abroad and are received in currencies. A flow g(x t ), function of the level x t of the exchange rate, expressed in foreign currency per unit of time is received by the corporation during the period dt. We will impose on this function to be increasing in its argument: ∀ x >x g(x ) > g(x). The higher the level of the exchange rate x t is high, the more undervalued the domestic currency is, as compared to the foreign currency. This improves the situation of the corporation on the foreign market from a competitive viewpoint. Products can be proposed at a lower price as compared to prices charged by competitors. It increases sales and therefore the profit expressed in foreign currency.
In order to keep the proofs that follow as clear as possible, we restrain the form of the flow function to the linear case g(x t ) = κx t where κ > 0. The constant κ can be interpreted as the size of the flow. It is to underline that the method is valid for any continuous differentiable function g(x), such that: g (x) > 0. The exact solution of the model can be obtained if g(x)
is a polynomial in x. In the opposite case it is always possible to find a polynomial that approximates the function g(x) with the desired degree of precision.
The specific foreign activity implies that the corporation is owner of its cash flow. This means that we suppose that the corporation cannot resell its incoming flow. In other words, markets are imperfect, to the extent that there are not counterparts desirous to acquire or take over the cash flow of the corporation. In the opposite case, the corporation could exchange its cash flow against a financial arrangement with the counterpart. Such opportunity could be exploited so as to hedge the totality or a part of the exchange rate risk.
After the conversion into domestic currency of the proceeds coming from abroad, gains feed into the bank account of the corporation. The liquid assets of the firm, some of which are devoted to the shareholders remuneration by the dividend payment, are accumulated in this way. The liquid assets of the corporation, designated by w t and expressed in domestic currency, are supposed to yield the domestic riskless rate equal to r. These assets correspond to the item "short term liabilities" on the balance sheet.
The intertemporal problem is then to cover the long-term exchange rate risk for a multinational corporation. It can be formulated as a stochastic optimal control problem with an infinite horizon t ∈ [0, +∞). The manager is confronted with the following optimization problem:
The manager of the corporation maximizes the expected utility of the future dividend flow, conditional on the available information at time t = 0. The instantaneous utility function u(c t ) reflects his risk aversion and is supposed to be continuous, differentiable and concave: u c ≥ 0, u cc < 0. Risk aversion motivates his choice of the exchange risk hedging policy. The decision-maker is supposed to act in the interest of the shareholders and we abstract from agency problems. There are two state variables. The first state variable is the value of the liquid assets of the corporation w t , expressed in domestic currency. The second state variable is the value of the exchange rate x t , which is the domestic currency value of a unit of the foreign currency.
The exchange rate x t follows an Ornstein-Uhlenbeck process. The exchange rate evolution in time is thus characterized by a tendency to return to the parity level: x p > 0. The speed of convergence to this level is supposed to be constant and to be equal to α > 0, while the average fluctuation range or volatility is expressed by σ > 0.
The Ornstein-Uhlenbeck process ensures a relatively simple modelisation. It is appropriate if one chooses the process parameters α and σ so as to obtain a small probability of negative exchange rates in the long run. The evolution of the exchange rate could also be implemented by means of a target zone model, first introduced by Krugman [9] to study macroeconomic phenomena. Models of this type explicitly impose boundaries to the evolution of the exchange rate. However, rather inconveniently, they model the logarithm of the exchange rate instead of the value of the exchange rate.
The decision of the manager is to choose at each t ≥ 0 a flow of dividends, c t , paid to shareholders per unit of time, as well as a hedge position in instantaneously maturing forward contracts. The number of forward contracts subscribed at time t is equal to f t . If f t < 0 one deals with the forward sale of the currency. If f t > 0 we are concerned with the forward purchase of the currency. In normal conditions f t < 0 and each contract commits the corporation to selling one foreign currency unit at the beginning of the next period. Instantaneous term contracts expire at the end of the period of length dt and are evaluated in the market, in a way which guarantees a zero average gain. The gain on the forward contract, f t σdz t > 0 (or the loss f t σdz t < 0), is then inversely proportional to the non forecastable part, σdz t < 0 (σdz t > 0), of the variation dx t of the exchange rate, while the cash flow converted into domestic currency, g(x t ) x t , is related to the level x t of the exchange rate.
The parameter ρ measures the decision-maker's degree of impatience. Given that we are interested here in the optimal hedge and not in the optimal distribution of the dividend in time, we will assume r = ρ. In the case r = ρ the distributed amount would clearly be a function of time.
Optimality of the hedge
The optimization problem (2.1) implies the maximization for t ∈ [0, ∞) of the following value function:
The decision horizon of the exchange risk long-term hedge is infinite. Consequently, we seek a stationary solution of the Hamilton-Bellman-Jacobi equation. The stationarity implies the separability of the temporal argument in the value function, which takes the form:
Thus we can separate the time variable. Derived relations between quantities such as the exchange rate, the available liquidities value, flow entering and outgoing, are local and instantaneous for any time t ≥ 0. A "local" hedge, implemented with instantaneous forward contracts, can thus be used to hedge a long-term exchange rate risk. The Hamilton-Bellman-Jacobi differential equation can be written as:
where H is the stationary Hamiltonian:
5) The optimization of the stationary Hamiltonian H with respect to control variables c and f allows to determine the optimal hedge of the exchange rate risk as well as the optimal dividend payment policy. The optimal hedging policy f * is obtained from the first order condition H f = 0:
The first order condition H c = 0 allows to determine the optimal dividend payment policy:
The latter depends explicitly on properties of the utility function u(c). Introducing the optimal dividend payment policy (2.7) as well as the optimal hedging strategy (2.6) into the stationary Hamiltonian (2.5) allows one to express the Hamilton-Bellman-Jacobi equation (2.4) as:
where:
The term U depends only on the characteristics of the utility function. For a constant relative risk aversion function it is equal to:
To eliminate it one can transform I(x, w) intoÎ(x, w) − (ργ) −1 . The substitution allows one to eliminate the constant term. One then obtains:
w . The Hamilton-Bellman-Jacobi equation (2.8) is a non linear equation. A more precise inspection reveals that it is a non linear second order partial differential equation of second degree. In general, it is difficult to obtain directly an analytical solution of such an equation. Nevertheless, we will give a short interpretation of the two non linear terms U (I w ) and
Iww which are present in it. The first term reflects the concavity of the utility function and, therefore, the risk aversion of the corporation. The second non linear term determines the intertemporal behavior of the corporation and, therefore, the way the exchange rate risk is hedged.
In the next section the equation (2.8) will be solved. We will implement a transformation method first introduced in finance by Cox and Huang [6] . We will then obtain a second order linear partial differential equation of parabolic type the solution of which will allow us to derive the optimal hedge.
Exact solution of the model
In this section we will transform the differential equation (2.8) to render it linear. This can be accomplished using a transformation which interchanges the roles of the independent and dependent variables. It belongs to the family of the hodograph transformations which are well known in fluid dynamics.
I w (x, w) allows one to calculate the optimal hedging (2.6) as well as the optimal payment of dividends (2.7). Let us introduce a new variable y defined as:
The formal inversion of I w gives:
w (y, x) The unknown function becomes I −1 w which we will note Ψ. The transformation condition is therefore:
The substitution is accomplished by solving a system composed of five equations, obtained by successively differentiating the equation (3.1) with respect to x and w:
wx + 2Ψ yx I wx + Ψ xx + Ψ y I wxx After simplifications, we obtain the following formulae:
We add to the transformation above the two supplementary conditions:
This formal substitution allows us to transform the initial, non-linear problem, where the unknown function is I(x, w), into an equivalent problem, where the inverse function Ψ (I w (x, w), x) is a solution of a linear differential equation.
Note here that the optimal dividend payment c * as well as the optimal hedging policy f * do not require the knowledge of the value function I(x, w). The knowledge of the derivative I w (x, w), which can be interpreted as the marginal utility of wealth, 7 is sufficient. This quantity gives c * directly. Derivatives of I w with respect to the wealth w and the exchange rate x determine the optimal hedging f * . Once Ψ(I w , x) is obtained, one should find a way to invert it to calculate I w .
Linearisation of the differential equation
The equation (2.8) does not contain all the derivatives given in (3.2). Hence, the implementation of the substitution consists first of all of deriving the Hamilton-Bellman-Jacobi equation (2.8) with respect to w. One obtains: One can now undertake substitutions indicated in (3.2), valid for any utility function. These replacements require that Ψ y = 0. Observe that this condition is verified, because the intertemporal utility function is strictly concave. Indeed, take the inverse transformation. In this case Ψ y corresponds to 1 Iww . But I ww = 0 because I is concave. After some simplifications, the equation (3.3) becomes:
We thus obtain a linear differential equation. This relationship has to be verified for all t ≥ 0.
Financial interpretation
First recall that, by assumption, the function Ψ is equal to the available liquidities value w. The left hand side term of (3.4) describes therefore the variation of the wealth w with respect to the change of the exchange rate x. It can be interpreted as the expected instantaneous increase of the liquidities value per unit of time. This expectation must be equal to the right hand side term of equation (3.4) . One finds there the following components:
• ρΨ : wealth increase due to the appreciation of the capital at the riskless interest rate;
• κx 2 : the contribution of the flow entering, coming from the activity abroad;
−1 (y) : the outgoing flow, equal to the optimal dividend payment: −c * (y).
By abusing notation, one can write that the expectation of the instantaneous change of the wealth has to verify the following equation:
Hence, what remains of the entering flow after the dividends have been paid is going to increase the wealth w of the corporation. This contribution will be negative, if at a given time it is necessary to pay a sum of dividends greater than the earnings of the corporation. Note also, that no derivatives of the wealth Ψ(y, x) with respect to the independent variable y are present on the left hand side of the equation (3.4) . This indicates that the evolution of the marginal utility y of dividend payment is constant over time (dy = 0). Therefore, the payment of dividends itself is also constant in time:
The absence of derivative terms of the wealth with respect to the marginal utility y of the dividend payment is a consequence of the equality between the rate of intertemporal impatience ρ and the interest rate r. Indeed, if ρ = r a term proportional to Ψ y would appear in the equation (3.4) . Finally, we can check the agreement of measure units: the entering and the outgoing flows, as well as the capitalization contribution ρw, are all expressed in domestic currency per unit of time.
Solution
Let us calculate now the liquidities value w = Ψ at time t ≥ 0. First, note that it is possible to separate variables in the differential equation (3.4) and to simplify the problem. Indeed, this equation possesses a regular form in x and y. This allows us to guess the form of the solution. Assume that:
The separation is, therefore, additive. Writing (3.6) as: ρφ = ρΨ + ρψ, we can interpret this equation in financial terms. The product ρφ is equal to the value of the dividend flow paid to shareholders. It has to be equal to the value coming from the appreciation of liquid assets (ρΨ = ρw) plus the income value coming from abroad (ρψ). The separation of variables allows us to write the equation (3.4) as:
The left hand side does not depend on y. Similarly, the right hand side does not depend on x. Both sides of the above equation must, therefore, be equal to a constant. Given that this constant disappears at the end of calculations, we will drop it from the equations that follow.
Value of the dividend flow It is straightforward to obtain the function φ:
The function φ(y) can be interpreted as the value generated by the dividend payment at time t. The latter will depend of the risk aversion of the firm's manager, 8 on the marginal utility y as well as on the intertemporal discount rate ρ.
Value of the flow coming from abroad The value of the entering flow, generated by the activity in the foreign country, accumulates into the liquid assets of the corporation and is not immediately paid to shareholders. The value of this flow has to verify, at each time t ≥ 0, the following differential equation:
The exchange rate x t follows an Ornstein-Uhlenbeck process which is a Gaussian process with known conditional expectation and variance for s ≥ t:
Using the formula
2 and the Feynman-Kac representation theorem, the solution of the differential equation (3.8) can be written directly. In other words, the solution is equal to the expected value of the sum of future flows, discounted in t and to be received at any time s ≥ t thereafter:
The solution obtained with the Feynman-Kac representation theorem corresponds to the particular solution of the equation (3.8). The homogeneous equation corresponding to (3.8) does not contain a term κx 2 and can be transformed into a so called Kummer differential equation. The latter is obtained by changing the independent variable x intox with the transformation:
The general solution of the equation (3.8) would, therefore, be composed of confluent hypergeometric functions. 10 In our case this solution is ruled out by taking "natural" boundary conditions at infinity, thanks to the Feynman-Kac theorem.
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At this point we can also point out that, for cash flow shapes which can be approximated by a polynomial, the analytic solution method presented above still applies. Take as an example a quadratic flow: g(x) = κ 1 x + κ 2 x 2 . In this case the calculation of the expectation in (3.9) would require the use of the third conditional moment E t [x 3 s ], which can easily be obtained from the characteristic function of the normal distribution.
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Value of the firm The wealth of the firm, according to (3.6) , is equal to the value of the perpetual flow to come less the value of dividend flow, under the assumption that the future dividend payments will follow the optimal policy:
9 See Delgado and Dumas [7] . 10 For the Kummer equation and properties of confluent hypergeometric functions see Abramovitz and Stegun [1] . 11 The problem of existence of extraneous solutions appears also in the case of the classic intertemporal consumption-portfolio choice model. See Merton [11] . 12 In the general case, if a cash flow can be expressed as a polynomial of degree n, the procedure would require to extract from the characteristic function and include in expectation calculations all central moments up to degree n + 1.
where ψ(x) is given by (3.9). The function Ψ(y, x) is the solution of the linear differential equation (3.4) and expresses the evolution of the value of liquidities, w, of the firm.
Marginal utility of the dividend payment By inverting the equation (3.10) one obtains the solution of the modified differential Hamilton-BellmanJacobi equation (3.3) . This procedure is the transformation inverse to the transformation (3.2). We obtain:
To obtain the solution of the initial Hamilton-Bellman-Jacobi equation (2.8) it would be necessary to integrate this equation with respect to w, as: I = I w dw + C. However, to obtain expressions giving the hedging and the dividends one does not need to know the intertemporal utility I.
Hedging the exchange rate risk and dividends
Dividends According to (3.5), (2.7) and (3.10), the optimal dividend policy consists in a constant dividend payment whose amount is determined by initial conditions:
This payment is thus (formally) composed of a riskless part, which is due to the capital appreciation, and of a part linked to the expected earnings from abroad. The latter is related to the current and long-term exchange rates and corresponds to the first two terms appearing between square brackets in (3.12).
Hedging By transforming the expression giving the optimal hedging policy (2.6) with the use of (3.2) one sees that the hedge function is equal to the partial derivative of the liquidities value Ψ with respect to the exchange rate x. We obtain:
The optimal hedging policy, as well as that of dividend payment, have been presented on Figure 1 .
Management of the exchange rate risk
The expression giving the optimal hedging (3.13) contains the distance separating the exchange rate x t from the parity level x p . By comparing (3.13) with (3.12) one can notice that, at time t = 0, the optimal hedge f * covers the expected flow of dividends, exposed to variations of the exchange rate through the foreign income component.
The optimal hedge f * does not cover the flow κx 2 itself, because it is not equal to the local exposure of this flow. In static type models, that recommend such a hedging, 13 the local exposure of the cash flow is equal to its derivative with respect to the exchange rate. In our model the local exposure would be equal to −2κx. The optimal hedging policy derived here is therefore not a local hedge. It does not cover the income cash flow κx 2 exposure, but the exposure of the liquidities value because of the relation:
We can distinguish two components in the expression giving the hedging policy (3.13):
1. A perpetual component, linked to the fact that the flow is always positive and evolves around the parity level x p . This component is constant and does not depend on the exchange rate value. Its sign is negative (forward sale):
2. An instantaneous component, whose sign depends on the level of the exchange rate. Its sign is negative if the exchange rate is above the parity level: x > x p . This can be interpreted as an additional forward 0 Hedging f * (x t ) and dividend payment c * (x 0 , w 0 ) optimal policies: comparison with classic hedgingf (x t ) = −2κx t and with the level of cashfow κx sale of currency: if the exchange rate is favorable the firm behaves so as to "freeze" profits. The sign of this component is positive if the exchange rate falls below the parity level: x < x p . The financial manager can interpret this as a signal to sell less currency forward and to wait until the level of the exchange rate to become more favorable, at or above the parity level. The component linked to the level of the exchange rate is equal to:
Finally note that in the vicinity of the parity level x p , assuming x t > 0, the optimal hedge is always negative. It means that in normal situations we deal with a forward sale of a currency.
Conclusion
In this study we derived an optimal dynamic exchange rate risk hedging policy, in the presence of non exchangeable assets, when the financial cash flow expressed in foreign currency is related to the level of the exchange rate. It has been demonstrated that if the exchange rate follows a process with a tendency to return to the parity level, the optimal hedge will depend on the distance that separates the exchange rate from equilibrium level. A favorable situation on the foreign exchange market (exchange rate above the level of parity) induces an additional amount of hedging, so as to "freeze profits". Respectively, an unfavorable situation on the foreign exchange market reduces hedging.
